Coke is the only raw material which remains solid even in the lowest zone of a blast furnace. The bed-permeability in the bosh zone of the blast furnace is maintained by the solid coke structure. The wetting behaviour of slags in the coke bed of the bosh region in a blast furnace plays a very important role in the process by directly influencing the free movement of the burden and furnace gas and thereby affecting the fuel consumption. Cokes of unsuitable quality will lead to lower permeability in the bosh zone and hinder the furnace operation. In this work, various industrial coke samples are treated with slags of different basicities in a drop-shape analysis facility at a high temperature similar to process conditions. The coke samples have been treated under standard CRI (Coke Reactivity Index) test conditions beforehand in order to simulate the process more closely. The results display the variations in wetting behaviour, temperature, and time for different coke and slag combinations as a function of coke properties and slag compositions. The wetting behaviour at the coke/hot metal interface has also been investigated. The results provide a better understanding of the solid-liquid interaction which takes place in the bosh region of the blast furnace. 
Experimentelle Simulation der Wechselwirkung von Schlacken und Roheisen mit Koks in der Rastregion des Hochofens
Zusammenfassung: Koks ist der einzige Rohstoff, der auch in der niedrigsten Zone des Hochofens fest bleibt. Die Bettpermeabilität in der Blasenzone des Hochofens wird durch die feste Koksstruktur aufrechterhalten. Das Benetzungs- 
Introduction
The permeability of the bosh zone of a blast furnace greatly affects its performance. Coke plays the most crucial role in maintaining bed permeability and thereby ensuring a proper gas flow through the bed. After passing through the stack, the burden materials reach the bosh zone where softening and melting are started. The major exception is coke as it still remains in the solid state. Coke is the only raw material which remains solid at the lowest zone of the blast furnace. Before reaching the bosh region, coke suffers both chemical and mechanical degradation during its descent through the stack by Boudouard reaction and simultaneous mechanical abrasion respectively. The coke becomes more porous than its original structure after being treated by reactive gases [1] . Nevertheless, the bed permeability in this zone is maintained by the solid coke structure. The coke must possess a certain size and strength for an efficient operation. Cokes of unsuitable quality will lead to a lower permeability in the bosh zone and hamper the furnace operation [2] . The viscosity of bosh slags and their tendency for static holdup in the coke bed of the bosh region in the blast furnace together play an important role in the process operation by directly influencing the free movement of both burden and furnace Only the permeable coke layers, also known as coke-slits, distribute the gas and allow it to flow upwards [3] . Hence, the wetting property of bosh slag with coke surface directly affects the bed permeability. The current work discusses more concisely the novel laboratory scale experimental method to investigate the wetting behaviour of different slags with various industrial coke samples under attainable simulated conditions of the bosh region as shown by Bhattacharyya et al. [4] . The results depict the variation of coke quality (in terms of reactivity) and slag basicity as the main factors of different wetting situations. Novel sets of experiments have also been performed to find out the wetting phenomenon between coke and hot metal interface.
Background
The aim of this work is to achieve a closer process simulation under laboratory scale conditions. George et al. explain the flow mechanism of molten slag through coke channels [5] and coke packed beds [6] . These studies have BHM (2017), 162. Jg., Heft 1 been designed to find out the high temperature flow phenomena through packed beds. Husslage et al. have characterized the flow of both slag and hot metal through coke packed beds [7] . Interaction and interfacial reactions between coke analogues (pulverized and pressed coke substrates) or synthetic graphite/slag interface have been studied by various researchers in the recent past [8] [9] [10] . Bhattacharyya et al. [4] have showed an effective way of using industrial coke specimens directly in the experiments instead of using synthetic graphite or coke analogues in order to remain as closely as possible to actual process conditions. As a further step, to simulate the comparable porous coke structure at the bosh zone (after solution loss reaction), the coke pieces (later to be used as substrates) were treated under standard CRI (Coke Reactivity Index) conditions as per ISO 18894. [11] These coke pieces were used as the substrates against slag beads prepared by melting in the laboratory as well as real hot metal samples from the industry.
Experimental Procedure
The experiments performed in the current work have been done in a number of successive steps. To make it easier to understand, the whole experimental framework can be compartmentalized into the following steps -
Step 1: Production of thin coke pieces (to be used as substrates later) from bigger lumps
Step 2: Laboratory melting and preparation of slag samples
Step 3: CRI treatment of coke pieces
Step 4: Drop Shape Analysis (DSA) or Sessile Drop Test (SDT) of coke/slag combinations
Step 1
Three types of industrial blast furnace cokes (C1, C2, and C3) from different origins were used. The samples for DSA tests were obtained from bigger lumps by cutting thin sections of coke using a boron carbide cutting wheel. The sections were cut parallel to one direction in order to achieve almost parallel sides of the substrate material. The thickness of the sections was maintained in the range of 2-3 mm.
Step 2
A four component slag system consisting of CaO, MgO, Al2O3, and SiO2 were used for the purpose of the experiments. The components were varied in order to get four slags of different basicities. The exact amounts of components which correspond to actual slag compositions in the bosh region were acquired from industrial data as well as from standard literature [3] . The two component (B2) and four component (B4) basicities are calculated as follows -B2 = (%CaO)/(%SiO2) B4 = (%CaO+ %MgO)/(%SiO2+ %Al2O3)
The slag components are shown in Table 1 . The viscosity values are calculated from Factsage 6.4 at 1600 o C, which is above the liquidus temperature for all slags. A high alumina slag was also taken into consideration.
The individual oxide components were taken in fine powder form in their respective mass percentages and mixed extensively to make a homogenous mixture of fine powders. Then the powder was filled in a platinum crucible and heated up to 1700 o C in a high temperature vertical tube furnace (GERO-1700). The melt was allowed to diffuse for three hours. Then the crucible was taken out at hot condition (1700 o C), and the melt was immediately poured into cold water to get small glassy beads of slag. These beads were used later for DSA tests.
Step 3
As the coke lumps descend through the stack of the blast furnace, they are attacked by reactive gases. The CRI test is the globally accepted standard to find out the coke reactivity under blast furnace conditions. The CRI tests were performed at the reduction metallurgy laboratory of the Chair of Ferrous Metallurgy, Montanuniversität Leoben. For reactivity tests, a vertical tube furnace, constructed by Siemens VAI Metals Technologies, Austria, was used. The equipment and procedure for determining the reactivity and strength of the coke samples are based on the standard testing procedure of ISO 18894 (2006) [11] . The thin coke sections prepared before were placed inside the retort for the CRI test period and then taken out and further used as substrates for DSA tests. In this way, an effort has been made to simulate the porous coke structure which is similar to the coke structure in the bosh region.
Step 4
The DSA tests were performed using a high-temperature horizontal tube furnace (Manufacturer -Krüss GmbH, Model -DSA10 HT) in which the substrate along with the droplet is placed and heated at the desired temperature. The magnified image of the droplet is captured by a FALCON Image Grabber camera. The images could be processed using the Windows based software SW 21 (DSA1 v.1.80) for automated contact angle measurements using Young-Laplace curve fitting method. The furnace is shown in Fig. 1 .
The following heating program was used for all coke/ slag or coke/hot metal combinations. All the steps were performed in an argon (Ar 5.0) atmosphere. 
Results and Discussion
The proximate analyses of the coke samples are shown in Table 2 .
The CRI and CSR values are listed in Table 3 .
Coke/Slag Experiments
All the coke/slag combinations have been performed with CRI test treated coke samples. However, in order to compare, all the coke samples in untreated condition (raw coke) have also been tested with Slag I. The tests have been repeated a few times to check for acceptable reproducibility. Every coke/slag combination provided significant observations. In all cases of the treated samples, the slag droplet infiltrates the coke substrate through the pores, sometimes From the matrix given in Table 4 , it can be inferred that cokes with lower reactivity values show more wettability at higher temperatures than cokes with higher CRI values. In parallel, it can also be concluded that slags with low viscosity (i.e. high fluidity) show complete wetting at lower temperatures. So, given a combination of a high CRI coke along with a low viscosity slag, it will show full wetting at a much lower temperature and vice-versa. It can also be noted that, although C2 and C3 apparently exhibit the same behaviour, the spreading of the slag drop on the coke surface and sinking temperature are different in all cases.
In contrast, raw coke samples, when combined with Slag I, never showed full wetting, as shown in Table 5 . The slag drop remains during the holding time and can be seen on the surface after cooling. Slag drops tested with untreated samples also show vigorous pulsation during the holding time. A possible reason could be the removal of the residual volatile matter present in the coke or gas generation by certain interfacial reactions.
The radical difference between the wetting behaviour of treated and untreated cokes occurs due to the difference of porosity in their structures. Coke is inherently a highly porous material. A typical pore and matrix microstructure of coke is shown in Fig. 4 .
Many pores in a coke structure are long and interconnected. In one experiment, pictures acquired from the DST instrument show that a slag droplet sinks inside the coke substrate in one area and little later oozes out from another part of the coke sample (Fig. 5) . Long interconnected pores inherent to the coke structure are broadened after CRI treatment and can hold some slag in the lumps.
Coke/Hot Metal Experiments
The interaction between coke and hot metal is completely different from that between coke and slag. The chemical analysis of the industrial HM sample is shown in Table 6 .
The HM sample exhibits an almost completely non-wetting behaviour with cokes. Even with the highly porous CRItreated coke samples, it shows almost no wetting (Fig. 6) .
Conclusion
The current work is an attempt to demonstrate the wetting behaviour of coke with different liquid phases under the simulated conditions of the bosh zone of the blast furnace. This method uses coke pieces treated under ISO 18894 conditions as the substrate material. A comparison of the wetting behaviour between treated and untreated coke samples implies that the coke quality, especially the CRI value, is a key to predict its performance in the bosh zone. Tests with different slags demonstrate the effect of chemical composition and viscosity on the wetting process. Some ideas about the hold-up behaviour of a particular slag can be inferred from these experiments. This work also points out that hot metal does not contribute significantly to the holdup phenomenon. This technique provides a better understanding of the interfacial phenomena in the lower zone of the blast furnace. 
